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ELECTRONIC FUNDAMENTALS, LESSON 8 


Experiment Lesson 8 


OBJECT 

1. To complete the assembly of the 
ohmmeter section of ydtzr multimeter. 

2. To use the ohmmeter ranges of your 
multimeter to measure resistance. 

3. By measuring resistances in series 
and in parallel, to verify the theory studied 
in Theory Lesson 8. 

PREPARATION 

Examine the schematic diagram shown 
in Fig. 8-1 to see the electrical connections 
to be made in the first part of this lesson. 
As in previous lessons, the work already 
done is shown by light lines and the work to 
be done in this lesson is shown by heavy 
dark lines. In this way, you can see how the 
wiring you are going to do fits in with the 
wiring done in previous lessons. 

PART ONE 

EQUIPMENT NEEDED 

Multimeter 

Two battery clips 

One 1.5-volt C-type dry cell 

One 6-volt battery 
One 110 k-ohm resistor 
Soldering iron, cloth, and solder 
Long-nose pliers 

Two each of 6-32 x 3/8 inch screws 
and nuts 


9. One medium-blade screwdriver 

10. Cutting pliers 

11. Hook-up wire 

JOB 8-1 

To mount the battery clips in the meter 
box, as shown in Fig. 8-2 and 8-3. 

Note: Before you try to mount either 
battery clip, look carefully at the battery 
clips from your kit. Notice that one is 
smaller than the other. It is made to fit the 
small 1.5-volt C cell, while the other clip is 
made for the 6-volt battery. Compare these 
clips with those shown in Fig. 8-3; note 
where each clip is placed when properly 
mounted. Then make sure that you mount 
each clip on the side on which it is sup¬ 
posed to go. 

Procedure. 

Step 1. Insert 6-32 x 3/8-inch screw from 
the outside of the box into the hole shown 
in Fig. 8-2, pushing it toward the inside of 
the box as far as it will go. Hold it in place 
with your finger. 

Step 2. Holding one of the battery clips 
in the direction shown, mount the battery 
clip to the side of the meter case, using the 
screw that you are holding with your finger, 
the hole in the battery clip, and one 6/32 
nut. Hold the nut in place with your long- 
nose pliers as you tighten the screw with 
your screwdriver. 

Step 3. Mount the second battery clip 
to the other side of the meter box, as shown 
in Fig. 8-3. 
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Fig. 8-1 

#12 by removing 3/4-inch of wire from each 
end with your cutting pliers. If necessary, 
clear! the resistor leads lightly with fine 
sandpaper. Do not remove the tinning . 

Step 2. With your long-nose pliers, bend 
the resistor leads into the shape shown In 


JOB 8-2 

To mount 110 k-ohm resistor ^ 12 * 

Procedure. 

Step 1. Prepare the 110 k-ohm resistor 
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Fig. 8-2 

Fig- 8-4. Slip-, 1/2 " of spaghetti over each 


Step 3. Solder one lead of this resistor 
c° d S 1 S 10 - Connect the other end to 


JOB 8-3 


To solder a wire lead to S 1 B l r 

Procedure. 



terminal 


pas terminal 

: f “ small 
t j _ ^battery 


negative C,, P 
^ terminal ^ 


terminal 


Step 1 . Cut off 12-inches of stranded 
hook-up wire. Push back 1/4-inch of insula- 


Fig. 8-3 




Fig. 8-4 


tion from each end and tin it. 

Step 2 . Solder one end of this lead to 
SiB n . Make sure that the resistor lead to 
the same lug is soldered also. 

Step 3. Make a knot in the other end of 
this wire lead, as in Fig. 8-5, and then pull 
it tight. This end of the lead will be con¬ 
nected shortly to the positive terminal of 
the 6 -volt battery clip. The purpose of this 
knot at the free end of the lead is to help 
you identify it later. This is a method used 
by many servicemen to identify a wire lead 
when it might be confused with other leads, 
on the same wire. 

JOB 8-4 


To solder a lead to lug Si# 9 , and to con- 
nect the same lead to lug S 1 B 8 . 



Fig. 8-5 
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Procedure. 


Step 1. Cut a 12-inch length of stranded 
hook-up wire. Push back 1/4 inch of insula¬ 
tion from one end and push back 1 inch of 
insulation from the other end. 

Step 2. Twist the strands together on 
each end and tin them lightly. With your 
iong-nose pliers, bend the one-inch tinned 
end into a hook, as shown in Fig. 8 - 6 . Slip 
this hook through the hole in the lug of 
SiB 8 and bring the end of the hook to 9 . 

Step 3. Make a good tight connection on 
SiB 9 and solder it. 

Step 4. At SiB g, push back the insula¬ 
tion a little more so that enough wire is ex¬ 
posed to wrap once around the lug. Tighten 
this connection with your long-nose pliers 
and solder it. If necessary, push the insula¬ 
tion back toward the lug. Tie two knots in 
this lead. 

JOB 8-5 

To solder a lead to terminal S 2 A 2 . 

Procedure. 

Step 1. Cut off one 10 -inch length of 
stranded hook-up wire. Push back 1/4 inch 
of insulation from each end iwist each ead 
and tin it slightly. 


Step 2. Solder one end of this lead to 
S 2 ^ 2 * Make sure that the other connection 
to this lug is soldered too. 

JOB 8-6 

To connect the battery leads to the bat¬ 
tery clips. 

Procedure. 

Step 1. Cut off 3-1/2 inches of stranded 
hook-up wire. Push back l/4-inch of insula¬ 
tion from each end and tin it. 

Step 2. Connect one end of this lead to 
the upper (positive) terminal of the small 
battery clip and solder the other end to upper 
(negative) terminal of the large battery clip, 
as shown in Fig. 8-7. 

Step 3. Turn the RANGE switch of the 
meter to the 500 VDC position and place the 
meter face down alongside the meter box, as 
shown in Fig. 8 - 8 a. 

Step 4. Solder the lead with no knots that 
is connected to S 2^2 the lower (negative) 
terminal of the small battery clip. 

Step 5. Solder the 8 -inch lead connected 
to SiBg (the one with the two knots) to the 
upper (positive) terminal of the small battery 
clip. Make sure that the lead already con¬ 
nected to this terminal is soldered also. 


Step 6 . Connect and solder the remaining 
8 -inch lead (the one with one knot in it) to 



Fig. 8-7 
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OHMS 


the lower (positive) terminal of the large 
battery clip. g 

Step 7. Place the 1.5-volt cell and the 
6-vok battery in the clips, as shown in Fig. 


JOB 8-7 

To replace the meter in the meter box. 

dure. 

1. Hold the meter assembly, with 
your left hand, face up over the meter box. 
With your right hand, dress the battery leads 
down toward the bottom of the box so that 
they do not get in the way of the switches. 

Step 2. Place the meter assembly face 
up m the case and fasten the panel at the 
four corners with the four panel screws 


Fig. 8*9 


JOB 8-8 


To prepare the multimeter for use as 
ohmmeter on the R x 1 scale. 

Procedure. 

Step 1. Turn the FUNCTION switch 
the OHMS marker line. 

Step 2. Turn the RANGE switch to th 
K x 1 marker line. 

tiD^rh 3 ' ^ ^ lead P h ™ 

P the black (negative) pin jack and th 

positive test lead phone tip in the red (H 

pin jack. v 

hoM- eP t Zer ° tHe meter> This is done bi 
holding the tips of the positive and negativ^ 

est prods together between your left thuml 
an forefinger, as shown in Fig. 8-9a, anc 
adjusting the ZERO OHMS knob until the 
meter needle rests directly over the zero 
calibration line on the OHMS scale as 
shown in Fig. 8-96. ’ 
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Your meter is now ready to measure re¬ 
sistance direetly in ohms on the R x 1 range. 

Caution: Before attempting to use the 
ohmmeter ranges of your multimeter, read and 
study carefully the instructions for the use 
of an ohmmeter given in Service Practices 
7. 

PART TWO 

EQUIPMENT NEEDED 

Multimeter 

Soldering iron, cloth, and solder 

Long-nose pliers 

The resistor board assembled in 

Experiment Lesson 1 

INFORMATION 

Even though you have carefully studied 
the instructions for using an ohmmeter given 
in Service Practices 7, there are a few 
instructions that must be repeated here. 

1. Never connect the ohmmeter ranges of 
your multimeter to any source of electric 
power, such as a dry cell, battery, generator, 
or your home or shop power lines. 

2. Always be sure that all sources of 
electricity are disconnected from a piece of 
equipment before using your ohmmeter 
ranges. 

3. For the most accurate readings, use 
the ohmmeter range that gives you a reading 
in the center path of the meter scale, as 
shown in Fig. 8-10. When measuring very- 
low or very-high resistance values, it is not 


OHMS 



always possible to get a reading in this 
center half of the scale. 

4. For accurate readings, be sure that 
the meter is zeroed for the ohmmeter 
scale you intend using. 

EXPERIMENT 8-1 

To use the ohmmeter to measure the re¬ 
sistor breadboard. 

Procedure. 

Step 1. Your ohmmeter should be ready 
to measure resistance on the R x 1 range. 
Place one test prod at one end of the 100- 
ohm resistor and the other test prod at the 
other end of the same resistor. Read the 
value of resistance on the ohmmeter scale. 
The meter needle should come to rest near 
the 100 -calibration line on the top (ohm¬ 
meter) scale. Because you are using the 
R x 1 scale, you multiply this reading by 1, 
which gives you a value of 100 ohms. 

Step 2. In the same way, measure the 
resistance of the 220-ohm resistor. Record 
the value here: 




Step 3. Measure the resistance of the 
330-ohm resistor. Record the value here: 


3 3 >° 


Step 4. Measure the resistance of the 
1 , 000 -ohm resistor, and record the value 
here: 


lk 


Fig. 8-10 
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Fig. 8-11 

all readings are multiplied by 10,000. 


half of the scale. As a result, they were 
more accurate and more useful. 

PART THREE 

EQUIPMENT NEEDED 

Same as for Part One 

Short lengths of hook-up wire used on 
the breadboard in Experiment Lesson 7 

INFORMATION 


Preparation. Turn the RANGE switch to 
the R x 10 K marker li ne and zero adjust as 
before. 

Step 12. Measure the resistance of each 
of the first 4 resistors (100-ohm, 220-ohm, 
330-ohm and 1,000-ohm resistors). Do not 
record these values but notice the position 
of the meter needle in each case. 

Step 13. Measure the resistance of the 
10 ,000-ohm resistor and record it here: 


t0 ( OOH 


Step 14. Measure the resistance of the 
100 ,000-ohm resistor and record it here: 


(OOjSoO 


Discussion. The four readings that you 
took in Step 12 were of very little value 
because they were all crowded together at 
the right-hand side of the scale. However, 
the readings that you got on the 10,000-ohm 
and 100,000-ohm resistors were in the center 


In the experiments in Part 2, you meas¬ 
ured the values of individual resistors and 
learned how to use the three ranges of your 
ohmmeter. In Part 3, you will combine re¬ 
sistors in series and in parallel, measure 
the total resistance in each case, and com¬ 
pare your measurements with the resistance 
values found by figuring them according to 
the rules studied in Theory Lesson 8. In any 
figuring that you do in this part of the lesson, 
use only the measured value of resistance 
for each resistor and not the rated value 
shown by the color code. In this way, your 
figuring will come much closer to the meas¬ 
ured value of each combination of resistors. 

To connect resistors together on your 
resi_stor board, use the small pieces of bare 
tinned wire that you used in Experiment 
Lesson 7. If you have thrown these wires 
away, it will be necessary for you to cut 
new ones. 

EXPERIMENT 8-2 

To connect two resistors in series and 
to measure the total resistance. 

Procedure. 

Step 1. Connect the 100-ohm resistor 
^1 in series with the 220-ohm resistor R 2 , 
as shown in Fig. 8-11. 




resistance 


resistance 


total 


total 

R f 

4. 

*2 


figured 


measured 

10$ „ 

T 

2.10 . 


3SS , 

--- 


*00 „ 




Sc*' 


.u IXO 


^-oo 


Fig. 8-12 
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Fig. 8-13 

Step 2. Measure, and record in the first 
box of Fig. 8-12, the resistance of R 

Step 3. Measure, and record in the 
second box of Fig. 8-12, the resistance of 
R 2 • 

Mote: According to Theory Lesson 8, 
the total resistance of two or more resistors 
connected in series is equal to the sum of 
the individual resistances,, 

Step 4. Add the resistances of R^ and R~ 
together and put the answer in the third box 
of Fig. 8-12. 


R 3 , in series with resistors R x and R 2 (al¬ 
ready connected together), as shown in Fig. 
8-13. 

Step 2. Measure R^ and record the re¬ 
sistance value in the first box of Fig. 8-14. 

Step 3 . Measure and record the value of 
resistor R 2 and place it in the second box of 
Fig. 8-14. 

Step 4. Measure and record the value of 
R 3 in the third box of Fig. 8-14. 

Step 5. Add these three values together 
and record the sum in the fourth box of Fie. 
8-14. 

Step 6 . Measure the total resistance of 
/? 2 > and R^ in series by placing one prod 
on the free end of R 1 and the other on the 
free end of R ^. Record this value in the 
fifth box of Fig. 8-14. The value of resis¬ 
tance recorded in the fourth box should equal 
the value of resistance recorded in the fifth 
box. They may vary a little, of course. 


Step 5 . With the ohmmeter, measure the 
resistance of i?, and R 2 in series by placing 
one prod on each of the free ends of resistor 
R 1 and resistor R r Record this value in the 
fourth box of Fig. 8-12. If this has been done 
correctly, the value recorded in the third 
box should equal the value recorded in the 
fourth box. 

EXPERIMENT 8-3 

To connect three resistors in series and 
measure the total resistance and to compare 
this value with the calculated value. 


EXPERIMENT 8-4 

To connect two resistors in parallel, to 
measure their resistance, and to compare 
this value with the calculated value. 

Procedure. 

Step 1 . Disconnect from R 3 the lead that 
connects it to R 2 . Then connect the free end 
of this lead to R^, as shown in Fig. 8 - 15 . 

Step 2. Record, in the first box of Fig. 
the resistance of R ^, as you measured 
it in Experiment 8 - 3 . 


Procedure. 

Step 1 . Connect the 330-ohm resistor, 


Step 3. Record, in the second box of 
Fig. 8-16, the resistance of R as you 
measured it in Experiment 8-3. 
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Fig. 8-15 

Note: According to Theory Lesson 8 , 

the total resistance of any two resistors 
connected in parallel is equal to their prod¬ 
uct divided by their sum. 

Step 4. Calculate the value of R } and 
R 2 in parallel in the way described above. 
Record this value in the third box of Fie. 
8-16. 

Step 5. Measure the value of the resis¬ 
tance of R 1 and R 2 in parallel by placing 
one prod on one end of R x and the other prod 
on the other end of R y Naturally, you could 
also measure this resistance by placing one 
prod on one end of R 2 and -the other prod on 
the other end of R 2 . In either case, you 
would get the same answer. Record this 
measurement in the fourth box of Fig. 8-16. 
The value of the resistance in the third box 
should equal that in the fourth box. If there 
is a great difference between the two values, 
check the figuring you did to get the cal¬ 
culated value. 


EXPERIMENT 8-5 

To connect three resistors in parallel, to 
to measure the total resistance, and to com¬ 



pare the value with the calculated value. 

Procedure. 

Step 1. Connect resistor R in parallel 
with resistors R x and R 2 , as shown in Fig. 
8-17. 

Note When three resistors are eon* 
nected in parallel, the total resistance may 
be calculated by using the product-over-the- 
sum method. Just do the work in steps. For 
example, to find the total resistance of 
/?!, R 2 , and R 3 in parallel, we may first 
calculate the resistance of two of them in 
parallel and use this calculated value in 
parallel with the third resistor. You have 
already calculated the resistance of R\ 
and R 2 in parallel, so record this value in 
the first box of Fig. 8-18. 


Step 2. Record, in box 2 of Fig. 8-18, the 
measured value of resistance of R^ as found 
in Experiment 8-3. 

Step 3. Calculate the total resistance of 
the combination of the resistance in the first 
box in parallel with the resistance in the 



resistance 

*1 

IZ-O * 


resistance 

z%o „ 


parallel 

resistance 

R/ andR2 


resistance 

*3 

4 ' n 

( 0 $ 




product 

sum 

^ . 


parallel 

resistance 

measured 

- 1 2 - n 


product 

sum 


parallel 

resistance 

measured 

e>o n 


7Z X2. 


Fig. 8-16 



Fig. 8-18 
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second box (R 3 ), usirig the product-over-the- 
sum method. Record your answer in the third 
box of Fig. 8-18. With your ohmmeter, measure 
the resistance of in parallel with R 2 and 
# 3 , by placing one prod on one end of R x 
and the other prod on the other end of R v 
This measurement might just as easily be 
made across R 2 or R 3 ; the resistance is the 
same. Record this value in the fourth box 
of Fig. 8-18. The resistance value in the 
third box should equal that of the fourth box. 
If there is a great difference between these 
values, check your calculation. 

Discussion. Let’s see what you learned 
in the second and third parts of this Experi¬ 
ment Lesson. In Experiment 8-2, you found 
that the resistance of R x and R 2 in series, 
as measured, is equal to Ri added to R 2 . 

In Experiment 8-3, you found that R lf R 2 , 
and R$ in series equal, when measured, Ri 
+ R 2 + R 3 . You might have gone on adding re¬ 
sistors in series only to find that the total 
resistance is still equal to the sum of the 
individual resistors. No doubt you found 
some places where the figures were not 
exactly equal, even though they were sup¬ 


posed to be. If the difference was not more 
than 5 to 10 percent , there is nothing to 
worry about. Remember that, in an ohmmeter, 
the center readings are rue most accurate; 
readings on either end of the scale are only 
reasonably close and not very accurate. 
Remember, too, that care taken in making 
measurements and reading scales adds to 
the accuracy of the readings you get. 

In Experiment 8-4. you found that the 
measured resistance of tvu resistors con¬ 
nected in parallel was abonc ecjual to the 
calculated value. Yon probably found that 
the product of two resistors divided by their 
sum is a pretty gcoc w = t :: find the total 
resistance : -±f iraliel and 

you probably fond chat this Method works 
equally well nim Arne are three or more 
resistors in paraBeL VIlac is sore important 
is that you hare pmtii an Ais^ and in the 
last lesson, A a r Many of the things you 
learned in the theory cessans are true — be¬ 
cause yon are acnoaHy aUe to measure and 
see for yonrse^rJ L; inn :: : the last two 

lessons interesong,. m nil! End the follow¬ 
ing Experiment 1 rrrnait even more interest- 
mg. .5 ncr» par soon «mow much 

more abonc Ae a _ .rime ter. 










